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I.    SUMMARY 

In connection with Contract Nonr 1681(00), received by Vertol Air- 
craft Corporation in May 1955 from the Office of Naval Research, it was 
decided to undertake a study of the increased gross weight potential avail- 
able to VTOL. transport aircraft when operating with running take-offs. 

This study was conducted to determine the overload gross weights 
that can be attained as a function of ground distance required to clear a 
50 foot obstacle. 

Specifically this study was made to investigate the STOL potential 
of the Tilt Wing Propeller VTOL Tranr-trt design, since it was the opti- 
mum aircraft for the specified missio.. vRef. a). The study was confined 
to the take-off regime only since the prime mission was that of an assault 
transport and it was assumed that landings would be effected from a verti- 
cal attitude. 

In performing the running take-off calculations, it was assumed that 
fuselage attitude remains horizontal during the climb out phase of the 
maneuver. It was also assumed that flaps would be available for the 
ground roll and climb portion of the take-off, and an optimum slot and 
slat combination would also be available for climb out. 

For the particular aircraft at a given overload gross weight, it was 
apparent that two basic factors influenced the total take-off distance: one, 
the wing tilt angle and two, the minimum forward speed of flight. 

It was decided to investigate several values of wing tilt angles over 
a wide forward speed range in order to get the rate of gross weight build- 
up. In this way an upper weight limit (from an aerodynamic point of view) 
could be established. 

The results of this study are presented graphically (Figures II and 
III) in terms of ground roll and total take-off distance as a function of 
gross weight and wing tilt angle. This was done for a pressure altitude 
of 6.000 feet at 950F and for sea-level st^nd^ra onditions in order to 
show the load carrying capabilities of this aircraft. 
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A.    sscußd^oji s a function of severa! as^ed 

Ihe propeuer ^"^ a lties was caXcuXatea with ** aid 
fre3-streaIn or ground velocities 

of reference (c). 

.assary to calculate, for each of the 
" -s then ™*2 lnorement in the sliPStrea. 

assumed velocities, the velo  y hea as outlined 
aue to the propeller thrust. Th.swa 

in reference Cd) where' 

v = 1/2 

propeller diameter. 

wlng chord and that the entire.ihS ^^^ for 

streara. -h these "^°™    **      „       [** ^ ^ any spanwise station heco.es a function of th 

aftgle as follows,  (see Figure 1): 

<M' I  rr.?sg» (2) 

' . ls the win, tilt anele fro» the vertical . 

rV's ^le the resultant velocity ..es with 

aspect to the free-strea» velocity. 
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^i« tcttt»! anfl« of attack is then 

ö.vfO-Q-* (3) 

and the resultant velocity is 

vR
2 = (v t V-J//S/ ^ i-(i/-c*4<£>;      (if) 

The basic section is an HACA 1+^15 airfoil with a 

CT    of 1.3» and It Is assumed to be equipped with a slotted 
~ max 

flap such that 

. B = flap chord/wing chord = .25 (5) 

and*that a  AC.L  of .70 may thus be realized with 

this combination. 
■■ ♦' . _ 

From reference (e), it was calculated that 22° of flap 

deflection would supply the assumed  ^C-L  value as follows: 

(6) 

where: a 2 and K are functions of Flap Cfrorj 

ratio and (^ is the required flap deflection angle. 

It was then^Jiecessary to modify the CQ for the wing to 

include the additional drag due to this flap deflection as 

per reference (e) as follows: 

c^ = cD jic^^t-c^.a'v   (7; 
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where  ^C0|, a&s  calculated from information of 

reference (f) for 22° of deflection rfith a slotted flap, 

It was then possible to calculate the lift and drag 

acting on the wing-flap combination for any wing tilt angle. 

The parasite drag acting on all parts of the aircraft 

less the wing was calculated in the usual manner. 

The only remaining force acting on the aircraft during 

ground roll is friction and it is defined as follows: 

FF = ^[w-Lc«/i-r>rm<r-Tc.s4>]        {8) 

where/M. is a friction coefficient of .2 

At any given instant all forces acting on the aircraft 

may be summed .up as follows;  ^ ^ 

£_Fy - T^m c^-DcosJ'-Ls/hd'F,.   "^ - (9) 

£p .Tcos^acosZ-D-^W (10) 

I The next step was to check the rate of gross weight 

increase as a function of forward speed for several values 

of wing tilt. 

| —'  This was done by assuming 25T^ ar.d ^degrees of wing 

tilt and summing up the net lifting force as upward speed 

| increased up to a value which brought the wing to its CL ^^ 
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For 6,000 ft. pressure altitude t- 950F, this phase 

of the study showed that the VTOh  design gross weight of 

90,000 lbs. could be surpassed with the aid of a short 

take-off run by the following combination of parameters: . 

(a)* At ^5° of wing tilt gross weight increased to 

96,000 lbs. for 31+0 ft. ground roll. 

(b) At 35° of wing tilt gross weight increased to 

103,500 lbs. for 750  ft. ground roll. 

(c) At 25° of wing tilt gross weight increased to 

. 120,000 lbs. for 1,810 ft. ground roll.   _  . 

This analysis indicated the shortest ground roll 

distance could'be attained with 1+50 of wing tilt for which 

a 7%  increase over design VTOL gross weight is obtainable. 

For 35° of wing tilt, the gross weight could be increased 

by 15%  and for 25° of wing tilt by 33^.  (see Figure II) 

Of course, the lower tilts required longer ground runs. 

For sea-level standard conditions VTOL gross weight 

is 10i+,000#,  The trend of gross weight for STOL operation 

is shown for the following parameters: 

(a) At ^5° of wing tilt gross weight increased to 110,000 lbs. 

for 260 ft. ground roll. 

(b) |t 35 of wing tilt gross weight increased to 112,000 lbs. 

for ^80 ft. ground roll. 
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Cc)    m ZiQ of 4ini tilt crcäs m%gm lr.c?tüsei to l1^, 

for 2,000 ft,  ground roll. 

lbs. 

This led respectively to weight increases over the 

VTOL gross weight of t%,   8^ and 36^.  Again,  this 

I additional weight was realized by virtue of higher speeds 

and longer runs as the tilt angle was decreased.  (see 

i Figure II).  . 

It is emphasized that the above parameters and 

combinations thereof are not necessarily the optimum 

but are those that were chosen to show a trend. 

^hen the weight build-up study was completed, the 

actual take-off distance required for any given gross 

weight and tilt-angle was calculated by finding the 

velocity required to equalize the weight, considering 

all forces acting upon the aircraft at each velocity 

increment. Once the take-off velocity was established, 

a step-by-step integration determined the acceleration 

and distance required to reach this take-off velocity. 

B,  Distance Required to Clear 50 ft. Obstacle 

For each weight and tilt angle the actual take-off 

I L was accomplished, in close proximity to the stall angle of the 

wing.  For this reason, -it was assumed that the airfoil was 

equipped with a slot and slat combination that would allow' " 

the retention of CJ^Q^ for an additional ten degrees of angle 

of attack. 
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If such Is the c-ise, the aircraft can be perr.itttM tfl 

tuild-up forward velocity with no application of control 

requxred to reduce angle of attack over this 10 increment. 

Under these conditions, the aircraft will Immediately tend to 

rise once take-off velocity is reached, and it will continue 

to do so as velocity increases.  This, of course, immediately 

reduces angle of attack and the climb may be continued without 

encountering wing stall. 

An obvious advantage of this approach is that climb may 

be entered into immediately upon reaching take-off velocity 

with no transition distance required to accelerate to speed 

for best climbing angle.  This approach is ffered as only 

one possible way of handling this phase of the problem and is 

not necessarily the optimum. It indicates a trend which should 

be more thoroughly investigated in the future. 

Assuming the climb out to be accomplished in this 

manner, a step-by-step integration snowed the additional 

ground distance required to climb to 50 ft. after take-off. 

This portion of the calculation was carried out only for 

^5 degrees of wing tilt. Figure III shows the total take-off 

distance required as a function of gross weight for this tilt 

angle.  It may be expected that other values of wing tilt will 

show a similiar trend 
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aircraft m ieüßned sptcifictlly for ff» e^ati«. »^ 

some design changes (such as mtrmmi  rfinf lomilfif, ai.Ultra: 

flap area, -tc), the STOL perfomance could be increased    ^ 

siabstantially with s-me compromise in VIOL ability. This 

problem of compromise between VTOL & STCL performance musi: 

be investigated more thoroughly for each specific application. 
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Symbolii 
D a Drtg 
FF ■ Priotlon Foro« 
FJJ ■ Normal Foro« 
L    a Uft 
T   a Thrust D«v«lop«d by Propelltr 
▼   a Vtlooity Induotd by Proptlltr 
V   a Forvard Veloolty 
7a a RetulUnt Vtlooity In SlipstrMm 
W   s Giros ■ Wtlght of Alroraft 
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FIGURE 2 

TAKB-CTF DISTANCE VS. GROSS WEIGHT 

(QKdTND RUN DISTANCE) 
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